1. Background {#sec90685}
=============

Pain is an important complication following knee surgeries including knee arthroscopies ([@A27470R1]-[@A27470R3]). Postoperative pain could disrupt effective immediate physiotherapy, postpone patient's recovery, prolong the period of hospitalization and increase the costs of patient. Continuous epidural analgesia ([@A27470R4]), femoral nerve blockade ([@A27470R5]), patient-controlled analgesia (PCA) ([@A27470R2]) and intra-articular injection of analgesics are various techniques of analgesia to control postoperative knee arthroscopy pain ([@A27470R6]-[@A27470R8]). Bupivacaine is a local anesthetic administered intra-articularly by some physicians to prevent acute pain in knee surgeries. It has short analgesic duration. To extend its duration of analgesia, bupivacaine has been accompanied by an opioid (e.g. morphine) in some studies, but morphine alone lacks local anesthetic effects and has slow onset of action and highest risk of respiratory depression among opioids ([@A27470R7], [@A27470R9]-[@A27470R12]). Meperidine is an opioid with weak local anesthetic property. It has been used in spinal, epidural and caudal analgesia, as well as intravenous regional anesthesia (IVRA) ([@A27470R13]-[@A27470R15]).

2. Objectives {#sec90686}
=============

The short duration of intra-articular local anesthetics like bupivacaine is a major limitation to favor it as an effective treatment to overcome more long-lasting pain of arthroscopic surgeries. Weak but long-lasting local and regional analgesic effects of meperidine raised our hopes to find a better effect from bupivacaine-meperidine mixture to control postsurgical knee arthroscopy pain. The aim of this study was to compare clinical effects of 20 mL intra-articular injection of a solution containing 100 mg meperidine, bupivacaine 0.5% or their combination after knee arthroscopic surgery to control postoperative pain, analgesic demand and patient satisfaction.

3. Patients and Methods {#sec90688}
=======================

After approval of the Medical Ethics Committee of Iran University of Medical Sciences and obtaining written informed consent, 60 adult patients, ASA physical status I-II, undergoing knee arthroscopic surgery were enrolled in this randomized double-blinded study. They were randomly assigned into one of the three groups B, M and BM (20 in each group) according to a computerized block randomization (www.randomizer.org) sequence sheet. All ASA I-II adults who were mentally, socially and psychologically intact, corporative and oriented scheduled for knee arthroscopy in the referral university hospital of Rasoul Medical Center entered the study. Patients with the following conditions were not entered: 1) a severe systemic diseases (e.g. coagulative, convulsive and cardiac disorders), 2) opioid abuse, 3) allergy to local anesthetic or meperidine, 4) consumption of analgesics 24 hours before the operation, 5) bilateral surgeries and 6) presence of any other painful disorder. Exclusion criteria were: 1) patient refusal any time during the study, 2) reoperation before the end of study and 3) postoperative delirium or disorientation. Any excluded case had to be replaced by another matched case according to its randomization sheet grouping. All patients received general anesthesia similarly. Induction of anesthesia was achieved with Propofol 2.5 mg.kg^-1^ and alfentanil 30 µg.kg^-1^. Endotracheal intubation was facilitated with atracurium 0.6 mg.kg^-1^. Anesthesia was maintained with inhalation of nitrous oxide (50%) in oxygen and infusion of propofol 50 µg.kg^-1^.min^-1^ and alfentanil 0.5 µg.kg^-1^.min^-1^. Patients' vital signs (ECG, heart rate, oxygen saturation and noninvasive arterial blood pressure) were continuously monitored throughout the operation and thereafter until discharge from the recovery room. At the end of the operation, according to the randomization sheet sequence, 20 mL of one of three intra-articular solutions of study prepared by an anesthesiologist in an unlabeled syringe, was slowly injected in patients' knee joint through arthroscope by the surgeon blinded to the type of medication. These solutions either contained 20 mL bupivacaine 0.5% in B group, 100 mg meperidine (diluted in normal saline) in M group or bupivacaine 0.5% along with 100 mg meperidine in BM group. Then patients were transferred to recovery room then to ward if no complication occurred over one-hour care. Following complete consciousness and in arrival to the ward, intravenous patient-controlled analgesia (PCA) of fentanyl was set and patients were educated to use that by their nurse. The PCA pump adjusted for bolus dose of 20 μg and lockout period of 15 minutes. The PCA device would be disconnected after 24 hours of the operation. Postoperative pain was assessed by a visual analog scale (VAS) ranging from zero (no pain) to 100 (worst imaginable pain) introduced to patients before the surgery. Duration of postoperative analgesia, VAS at 2, 6, 12 and 24 hours, the first analgesic requirement time, total fentanyl consumption during the first 24 hours, overall patients' satisfaction and adverse effects (respiratory depression, cardiovascular collapse, pruritus, resistant nausea or vomiting) were recorded by an anesthesiologist in acute pain service (APS) who was blinded in the study. Duration of postoperative analgesia was considered as the time after the operation that VAS remained less than 30. Patient presented their satisfaction level about early postoperative pain, objectively as non-, poor, moderate and excellent satisfaction at 24 hours after the operation. Data was recorded in special designed questionnaire.

3.1. Statistical Analysis {#sec90687}
-------------------------

Statistical analyses were performed by computerized statistical software (SPSS, version 12; SPSS, Chicago, Ill). To ensure the normal distribution of quantitative variables, Kolmogorov-Smirnov test was performed first. Then one-way ANOVA test was applied for variables distributed normally, and if there was a significant difference, Tukey's test was implemented to find out the differences between the two groups. Kruskal-Wallis test was used for variables that did not distribute normally, and in case of significant difference, Mann-Whitney U-test was used to realize the differences between the two groups. Data were presented as means (SEM). The χ^2^ test or Fisher's exact test was applied for analyzing qualitative variables. P value \< 0.05 was considered statistically significant.

4. Results {#sec90689}
==========

Sixty patients (20 in each group) were enrolled in this study. Nobody was excluded. Independent characteristic data (including age, gender and weight), as well as duration of operation did not differ between the three groups ([Table 1](#tbl23229){ref-type="table"}). [Table 2](#tbl23230){ref-type="table"} illustrates the study results; duration of postoperative analgesia was more in group BM than the other two groups (P = 0.001), but group M was similar to group B. The first analgesic requirement time in BM group (300 ± 38 minutes) was considerably longer than the other two groups and in M group (132 ± 60 minutes) was longer than that of B group (82 ± 45 minutes). Furthermore, the total fentanyl consumption in group BM (307 ± 52 µg) was significantly less than the other two; however, in group M (352 ± 98 µg) was lower than group B (382 ± 105 µg), there was a significant difference only between group BM and other groups (P = 0.001). While the mean VAS among all the patients was low and at 6, 12 and 24 hours no significant difference was observed, the mean VAS in group BM at 2-hour was less (P = 0.001). The patients' satisfaction regarding pain control in group BM was significantly different from the other two groups (P = 0.01). No adverse effects were detected.

###### Patient Characteristics and Duration of Operation ^[a](#fn21142){ref-type="table-fn"},[b](#fn21143){ref-type="table-fn"}^

                                   Group B (Bupivacaine) (n = 20)   Group M (Meperidine) (n = 20)   Group BM (Bupivacaine + Meperidine) (n = 20)   P Value
  -------------------------------- -------------------------------- ------------------------------- ---------------------------------------------- ---------
  **Age, y**                       25.1 ± 4.3                       29.4 ± 5.3                      31.6 ± 8                                       0.12
  **Gender; male**                 13 (65)                          14 (70)                         15 (75)                                        0.788
  **Weight, kg**                   67 ± 8.6                         73.5 ± 8                        71 ± 5.7                                       0.33
  **Duration of operation, min**   115 ± 39                         118 ± 40                        114 ± 33                                       0.998

^a^Data are given as mean ± SEM or number of patient for gender (%).

^b^There were no significant differences.

###### Comparison of Clinical Findings ^[a](#fn21144){ref-type="table-fn"}^

                                                                                                      Group B (Bupivacaine)   Group M (Meperidine)   Group BM (Bupivacaine + Meperidine)   P Value
  --------------------------------------------------------------------------------------------------- ----------------------- ---------------------- ------------------------------------- ---------
  **Duration of postoperative analgesia (VAS \< 30), min** ^**[b](#fn21145){ref-type="table-fn"}**^   51 ± 34                 72 ± 40                211 ± 51                              0.001
  **VAS at hours**                                                                                                                                                                         
  2^nd\ [b](#fn21145){ref-type="table-fn"}^                                                           21 ± 6                  23 ± 7                 15 ± 5                                0.001
  6th                                                                                                 20 ± 8                  22 ± 6                 19 ± 7                                0.348
  12th                                                                                                20 ± 8                  25 ± 9                 20 ± 9                                0.176
  24th                                                                                                20 ± 6                  21 ± 7                 19 ± 6                                0.285
  **The first analgesic requirement time, min^[c](#fn21146){ref-type="table-fn"}^**                   82 ± 45                 132 ± 60               300 ± 38                              0.000
  **Total consumption of fentanyl at first 24 hours, µg^[b](#fn21145){ref-type="table-fn"}^**         382 ± 105               352 ± 98               307 ± 52                              0.001
  **Excellent satisfaction^[d](#fn21147){ref-type="table-fn"}^**                                      9 (45)                  10 (50)                13 (65)                               0.01

^a^Data are given as mean ± SEM or number of patient for satisfaction (%).

^b^There was a significant difference between BM and other groups (P = 0.001).

^c^There was a significant difference between all the groups (P = 0.008, P = 0.001).

^d^There was a significant difference between BM and other groups (P = 0.01).

5. Discussion {#sec90690}
=============

In this study, intra-articular administration of combined meperidine and bupivacaine at the end of knee arthroscopic surgery postponed the first postoperative analgesics request and reduced opioid consumption compared with each medication alone. Furthermore, the duration of postoperative analgesia was enhanced and the pain score at early postoperative period was diminished. These findings showed that combination of meperidine and bupivacaine might have supra-additive analgesic effects compared with each medication alone. To relieve pain after knee arthroscopy, a variety of techniques have been studied, among them epidural analgesia, femoral nerve blockade, intravenous patient-controlled analgesia (PCA) and intra-articular injection can be mentioned ([@A27470R2], [@A27470R4]-[@A27470R7]). Conducting each technique depends on various factors including experience and interest of the anesthesiologist and orthopedist, circumstances and facilities of hospital, costs of drugs and devices, etc. Intra-articular injection to the site of operation (knee) and no or minimal effects on other organs, brings about adequate analgesia and enables other organs to have normal function and promotes patients' early ambulation. Accordingly, some studies with different efficiency have been conducted on intra-articular administration of drugs as time of injection (prior to or after operation), type of drug (local anesthetic, opioids, etc.) and volume of injectate (5 to 50 mL) ([@A27470R16]-[@A27470R23]). Some reports revealed that intra-articular injection of bupivacaine brings about immediate but short-time analgesia. The analgesic effects of bupivacaine varied based on applied dosage and volume in different studies ([@A27470R9]). Furthermore, opioids administration in intra-articular injection for pain relief is based on the hypothesis that "peripheral receptors of opioids are stimulated in response to occurrence of inflammation" ([@A27470R24]). Furthermore, the volume of injectate may also have considerable effect on intra-articular opioid since increased intra-articular pressure can facilitate its systemic absorption and central manifestation of opioids ([@A27470R6]). Studies conducted on intra-articular injection of morphine as sole analgesic, showed its mild analgesic effect ([@A27470R10]). Rosseland et al. showed that 70% of their patients at first hour after knee arthroscopy had moderate to severe pain indicating poor analgesic effect of 2 mg morphine in 10 mL normal saline ([@A27470R25]). However, there are some studies in the favor of intraarticular effects of morphine compared with other opioids ([@A27470R19], [@A27470R20]). Opioids from phenylpiperidine group (such as meperidine, fentanyl and sufentanil) have been shown in laboratory studies to have local anesthetic effects ([@A27470R13]). Nonetheless in human studies, meperidine is the sole opioid with weak local anesthetic effect administered in certain regional anesthetic techniques (e.g. spinal, epidural and caudal anesthesia as well as IVRA), which is a significant feature for meperidine among all opioids ([@A27470R13]-[@A27470R15]). However, following its widespread use, in recent years there were some concerns about its special hazards in systemic administration, which at least in part could enhance turning to intraarticular and other non-systemic routs of application ([@A27470R26]-[@A27470R29]). Compared with morphine, solubility of meperidine in fat tissue is higher, which advances its onset of action owing to its rapid absorption into blood circulation in the joint region with high flow of blood ([@A27470R30]). Soderlund et al. studied intra-articular injection of meperidine with different doses (50, 100 and 200 mg) compared with prilocaine, before the arthroscopic knee surgery to provide surgical anaesthesia ([@A27470R31]). They suggested that such doses of meperidine provided analgesia with both central and peripheral mechanisms; they showed that 50 mg meperidine could not provide surgical anesthesia. In the other groups, local anesthesia was obtained, but 100 and 200 mg meperidine caused unwanted adverse effects. In our study, the first analgesic requirement time in bupivacaine-meperidine mixture was significantly more than other groups and even the summation of other groups' times. Although VAS score between the groups was similar in late postoperative period probably due to PCA used by patients, in early period (2nd hour) that the fentanyl PCA was not used or did not reach enough plasma level, VAS scores were lower in BM group. This finding shows that when these two drugs administered together, a supra-additive analgesic effect was resulted. This mechanism could be somewhat resulted from weak local anesthetic property of meperidine compared to other opioids, and/or the result of meperidine effects on peripheral opioid receptors by blocking sodium channel. To date, only additive analgesic effect by intra-articular local anesthetics and opioids such as morphine has been observed. Therefore, this effect of meperidine and bupivacaine combination is an advantage over other opioids (e.g. morphine) or bupivacaine alone without any additional adverse effects. Main limitations of our study were limited number of participants, uni-center results, lack of laboratory assay to address the plasma level of medication and limiting the study to otherwise healthy patients who are more resistant to adverse effects. In conclusion, although postoperative intra-articular meperidine might be an appropriate alternative to bupivacaine, administration of drugs together improved their effects and had a supra-additive effect compared with each medication alone.
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